Introduction
Gastric carcinoma continues to dominate as a leading cause of cancer-related death in Japan and other Asian countries [1, 2] . In the West, however, the incidence of gastric carcinoma has been declining in past decades, more notably for carcinomas located in the gastric corpus and in the antrum, whereas a rapid increase in incidence has been recorded for carcinomas located in the cardia [3] . Although the causes for this increase remain elusive, it has been suggested that cardia cancer may evolve through an etiologic pathway that is different from that for distal gastric carcinomas. In fact, cardia tumors differ from carcinomas of the corpus and antrum in terms of sex, race, and prognosis [3] .
Previous studies in Japanese gastrectomy specimens having carcinomas of the corpus or the antrum (ie, distal stomach) showed that the non-neoplastic gastric mucosa contained intramucosal cysts [4] and pyloric cells with ciliated metaplasia [5] , with large or small mucus-negative vacuoles [6] , with glassy cytoplasm [7] , or with atypical mitoses [8] ; further, there was extensive intestinal metaplasia (IM) [9] . These non-neoplastic changes were more often found in gastric specimens having a carcinoma of intestinal type [10] [11] [12] [13] [14] [15] , a tumor believed to evolve by the influence of environmental carcinogens [1] [2] [3] . The possibility that these nonneoplastic changes could also evolve as a result of a similar environmental influence was entertained.
The aim of the present work was to investigate whether the aforementioned non-neoplastic mucosal changes could also occur in specimens having a cardia carcinoma.
Material and methods
Histological sections from 563 gastrectomy specimens with cardia carcinomas filed at the respective hospitals
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Localization of the carcinoma in the cardia was established on the basis of the clinical data and of gross examination of the resected stomachs.
Definitions
Cardia. Cardia carcinomas were defined according to the classification proposed by Siewert and recently approved during the consensus conference held during the second International Gastric Cancer Congress in Munich [16] . Type I. Cardia carcinoma extending to the esophagus with the center lying 1-5 cm above the anatomic esophago-gastric junction. Type II. Cardia carcinoma extending to the stomach with the center located within 1 cm above and 2 cm below the anatomic esophago-gastric junction. Type III. Cardia carcinoma extending to the stomach with the center lying within 2-5 cm below the anatomic esophago-gastric junction.
Included in the present work were cardia carcinomas type II and type III of the Munich Classification [16] .
Assessment of the non-neoplastic associated changes
The occurrence of intramucosal cysts and intestinal metaplasia (IM) was assessed at low-power examination (4ϫ objective) and the detection of cells with ciliated metaplasia, with large or small (mucus-negative) vacuoles, and/or with glassy cytoplasm was assessed at high-power magnification (40ϫ).
The presence of intestinal metaplasia (IM) was noted in each section. IM was classified (using low-power examination) as low-score IM or high-score IM, as reported elsewhere [15, 18, 19] . Briefly, specimens with low-score IM were those having individual foci (ie, "spots") of IM in at least one of the sections. Specimens with high-score IM were those showing one or more entire field(s) of IM in at least one of the sections.
IM was considered widespread in those specimens having IM in 50% or more of the sections (irrespective of whether the IM score was high or low).
Carcinomas were histologically classified, according to Laurén and Nevalainen [20] , as intestinal and diffuse types. Carcinomas of mixed histologic type were classified according to the predominant histologic subtype.
Results were analyzed by the 2 test and by the Mann-Whitney U non-parametric test.
Results
Of the 322 specimens seen in Tokyo, 52.5% (n ϭ 169) had intestinal type carcinomas and the remaining 47.5% (n ϭ 132), diffuse type carcinomas. Of the 241 specimens seen in Matsuyama, 69.7% (n ϭ 168) had an intestinal type carcinoma and 30.3% (n ϭ 73) a diffuse type carcinoma. Age. The age distribution of the patients is shown in In Matsuyama, a total of 5548 sections, corresponding to the 241 gastrectomy specimens, were reviewed. The mean number of sections/gastrectomy was 23.0 (range, 5-73 sections). (Tables 2 and 3) Intramucosal cysts. In specimens with cardia carcinomas of intestinal type, intramucosal cysts ( Fig. 1) were found in 53.3% (90/169) of those seen in Tokyo and in 63.1% (106/168) of those seen in Matsuyama.
Non-neoplastic mucosal changes in gastrectomy specimens
In specimens with cardia carcinomas of diffuse type, intramucosal cysts were found in 30.7% (47/153) of the specimens seen in Tokyo and in 34.2% (25/73) of those seen in Matsuyama. In specimens with cardia carcinomas of diffuse type, cells with large vacuoles were recorded in 14.4% (22/ 153) of the specimens seen in Tokyo and in 9.6% (7/73) of those seen in Matsuyama. Cells with small vacuoles. In specimens with cardia carcinomas of intestinal type, small vacuolated cells (Fig. 4) were found in 7.7% (13/169) of those seen in Tokyo and in 11.9% (20/168) of those from Matsuyama.
In specimens with cardia carcinomas of diffuse type, cells with small vacuoles were recorded in 3.9% (6/153) of the specimens seen in Tokyo and in 4.1% (3/73) of those seen in Matsuyama. Cells with glassy cytoplasm. This type of pyloric cell was characterized by a homogeneous, non-vacuolated, cytoplasm, and with a relatively large nucleous located at the lateral or at the luminal aspect of the cells (Fig.  5) .
Cells with glassy cytoplasm were recorded in 2.5% (8/ 322) of the Tokyo specimens, and in 1.2% (3/241) of the Matsuyama specimens.
In specimens with cardia carcinomas of intestinal type, cells with glassy cytoplasm were recorded in 2.4% (4/169) in Tokyo and in 1.2% (2/168) in Matsuyama.
In specimens with cardia carcinomas of diffuse type, cells with glassy cytoplasm were recorded in 2.6% (4/ 153) in Tokyo and in 1.4% (1/73) in Matsuyama. Specimens with high IM score. High IM scores were found in 57.1% (184/322) of the specimens reviewed in Tokyo, and in 59.8% (144/241) of those seen in Matsuyama.
In specimens with cardia carcinomas of intestinal type, high IM scores were found in 69.8% (118/169) of the cases reviewed in Tokyo and in 68.5% (115/168) of the cases seen in Matsuyama.
In Tokyo specimens with cardia carcinomas of diffuse type, high IM scores were recorded in 43.1% (66/153); and in those from Matsuyama in 39.7% (29/73). Specimens with extensive IM. Extensive IM (50% or more of the gastrectomy/sections with IM) was recorded in 70.5% (227/322) of the specimens seen in Tokyo and in 67.2% (162/241) of those investigated in Matsuyama (Fig. 6) . Localization of the non-neoplastic changes. Cells with ciliated metaplasia, with large or small mucus-negative vacuoles, or with glassy cytoplasm were found in the mucosa of the antrum, and less frequently in the mucosa of the corpus. Similar cells were not recorded in the non-neoplastic gastric mucosa in zone A or in the juxtaposed zone B.
Intramucosal cysts were found in sections from the entire stomach, particularly in areas with extensive IM. Of the 322 cardia carcinomas seen in Tokyo, 48 (14.9%) were regarded as type II, and 29.2% of these (14/48) were immediately surrounded by IM, as IM was present in all sections (including those containing part of the tumor).
Of the 241 cardia carcinomas seen in Matsuyama, 23 tumors (9.5%) were regarded as type II, and 26.1% of these (6/23) were immediately surrounded by IM, as IM was present in all sections (including those containing part of the tumor).
Discussion
In this investigation, 563 gastrectomy specimens from Japanese patients carrying type II or type III cardia carcinoma [16] were reviewed. Results demonstrated that cardia carcinomas were associated with nonneoplastic histologic changes elsewhere in the stomach.
Specimens carrying cardia carcinomas of intestinal type more often showed intramucosal glandular cysts, cells with ciliated metaplasia, cells with large or small mucus-negative vacuoles, and/or extended IM than specimens carrying cardia carcinomas of diffuse type.
Intramucosal cysts and ciliated metaplasia were usually found in specimens having intestinal metaplasia. However, not all specimens containing intramucosal cysts had ciliated metaplasia, suggesting that these cysts may not be the only underlying cause of the appearance of ciliated metaplastic cells in the gastric mucosa.
The percentage of cells with glassy cytoplasm was similarly low in the two Japanese cities. These cells have also been found in specimens without gastric carcinoma, not only in humans [7, 21] but also in non-human primates [22] . The "glassy" material found in the cytoplasm of these cells contains Cytasin C (normally excreted by pyloric cells [23] ). No difference was found in the occurrence of these cells in the different histologic types of tumor.
In the present work, Helicobacter pylori was not searched for, because this study encompassed the late stages of gastric diseases, in which the organism's presence is known to be influenced by several parameters, such as the washing of the specimen after surgery, and the presence of intestinal metaplasia, mucosal atrophy, and hypoacidity (the latter three often being present in specimens with gastric carcinoma). Moreover, special stains for detecting Helicobacter pylori (difficult to demonstrate in hematoxylin-eosin-stained sections when only a few organisms are present) were not available. On the other hand, gastric specimens from Swedish patients without carcinoma showed -in the presence of Helicobacter pylori detected by special stains [24, 25] -absence of intramucosal cysts, and absence of cells with ciliated metaplasia, glassy cytoplasm, and large or small mucus-negative vacuoles. These findings strongly suggest that the cause of the occurrence of the aforementioned mucosal changes may not be related to the presence of Helicobacter pylori in the stomach.
According to the present concept of carcinogenesis, several alternative genetic pathways may be needed for the conversion of normal epithelial cells to clinical cancer. These recognized steps are the accumulation of multiple mutations affecting DNA repair genes, oncogenes, and tumor suppressor genes. Whether the non-neoplastic changes in the gastric mucosa are also evoked by the same or by other genetic mutants remains unknown.
In conclusion, non-neoplastic mucosal changes are present in cardia carcinomas (types II and III) of Japanese patients, more notably in carcinomas of intestinal phenotype than in those of diffuse phenotype. Similar results have been reported earlier for carcinomas of intestinal type in the corpus and the antrum in Japanese patients [4] [5] [6] [7] [8] [9] 17, 18] , indicating that nonneoplastic histologic changes usually evolve in association with a particular histologic type, irrespective of the location of the tumor within that organ.
Although cardia carcinomas differ from distal carcinomas in terms of sex, race, and prognosis [3] , the mucosal "soil" on which gastric carcinomas of intestinal type develop may be similar for the entire organ.
